Intracellular pH in vascular smooth muscle: regulation by sodium-hydrogen exchange and multiple sodium dependent HCO3- mechanisms.
The aim was to determine the mechanisms, particularly bicarbonate dependent mechanisms, of intracellular pH (pHi) recovery from various acidoses in vascular smooth muscle and to explore the ATP dependency of the respective mechanisms. Experiments were conducted in rat aortic smooth muscle cells grown in primary culture and synchronised in a non-growing state by serum deprivation. pHi was measured in cells loaded with the pH sensitive fluorescent dye, 2',7'-bis-(2-carboxyethyl)-5-(and 6)-carboxyfluorescein (BCECF). Chloride efflux was studied by determination of the rate of efflux of 36Cl over 5 min. Cells were ATP depleted by substitution of glucose in the medium by 2-deoxyglucose. Acidoses were induced by CO2 influx and NH3 efflux techniques. In the absence of HCO3-, the 5-(N-ethyl-N-isopropyl) amiloride (EIPA) sensitive Na+/H+ exchange accounted for the recovery from intracellular acidosis. In the presence of HCO3- ions the response to respiratory acidosis (CO2 influx) was predominantly via activation of Na+/H+ exchange and an EIPA sensitive Na+ and HCO3- dependent mechanism. A 4-acetamido-4'-isothiocyanostilbene-2',2'-sulphonic acids (SITS) sensitive Na+ dependent Cl-/HCO3- mechanism which is also sensitive to EIPA makes a small contribution during severe intracellular acidosis. Under such conditions HCO3- dependent mechanisms contributed about 40% to the overall pHi regulating capacity of vascular smooth muscle cells. However, under conditions which deplete cellular ATP these pHi regulating mechanisms account for virtually all of theses cells' ability to regulate pHi. The inability of Na+/H+ exchange to participate in pHi recovery under these circumstances, reduces the ability of vascular smooth muscle cells to recover pHi by approximately 50-60%. Chloride efflux was approximately linear over 5 min and was increased by 36% in the presence of extracellular HCO3-. Efflux in the presence of HCO3- was inhibited similarly by both SITS and EIPA. At least three transporters contribute to recovery from acidosis in vascular smooth muscle: Na+/H+ exchange, an Na(+)-HCO3- cotransporter which is sensitive to EIPA, and an Na+ dependent HCO3-/Cl- exchange sensitive to both SITS and EIPA. The Na(+)-HCO3- cotransporter appears to be similar to that described in human vascular smooth muscle. When the Na+/H+ exchanger is attenuated by cellular ATP depletion, the alternative pathways, particularly the Na(+)-HCO3- cotransporter, ensure that substantial pHi regulatory capacity is maintained.